Abstract. This paper presents a method for the computation of the static and dynamic stability derivatives of generic airfoils using high fidelity Computational Fluid Dynamics. Aerodynamic coefficients are calculated for NACA 0012 airfoil and flat plate at different angles of attack. Results of lift coefficient are validated with experimental data. Static and dynamic stability derivatives are calculated by oscillating the airfoil geometry at suitable frequency. Simulations are performed at various flight conditions in terms of angles of attack, frequencies and oscillation amplitudes. The aim of the work is to decipher the behaviour of longitudinal damping derivatives used in flight mechanics through CFD. This approach enables the efficient and accurate computation of dynamic derivatives. Calculations are done for constant air velocity altering only the angle of attack. Inviscid model is tested since its results nearly match with experimental data. The simulations show that the nonlinear characteristics of the stability derivatives are captured by varying angle of attack.
Introduction
Design cycle of modern aircraft has reduced significantly during recent years, partly due to introduction of computers on various stages of design. Complexity in the design of manned and unmanned vehicles is gradually introduced for improved manoeuvrability and versatile mission requirements, which increases the requirement for precise guess of aerodynamic coefficients and dynamic stability derivatives during the preliminary design stage. In 1911 concept of these dynamic derivatives was given by Byran [1] .Different mathematical models use these dynamic derivatives to calculate moments and aerodynamic forces of aircrafts. These aerodynamics derivatives and moments are functions of aircraft states. It is easy to predict static stability derivative than dynamic derivative. Conventionally, wind tunnel [2] [3] [4] [5] [6] [7] [8] [9] tests were performed to measure the derivatives. For static stability derivatives wind tunnel test give good estimation but due to complex test-setup, fast design modification and time to perform these experiment, other methods such as DATCOM [10] , and ESDU [11] are used. These two methods are fast compared to wind tunnel. However, these techniques may have question for accuracy. In nonlinear system [12] [13] [14] [15] importance of dynamic derivatives has increased due to flight manoeuvres by UAVs and other flight vehicles. in recent times, Computational Fluid Dynamics (CFD) is used as an another tool to guess aerodynamic stability derivatives. Computational Fluid Dynamic has the potential to replace the wind tunnel tests and experiential methods as it is inexpensive with minimum physical and kinematical limitations. Many researchers have used CFD to calculate stability derivatives due to these advantages. In this paper sensitivity of amplitude and frequencies on dynamic stability in pitch is quantified. For validation purpose NACA 0012 airfoil is used. Initially normal force coefficient for this airfoil is calculated and is compared with experimental data. From the momentalpha graph longitudinal derivatives for airfoil are calculated. Using the same technique, these derivatives are calculated for flat plate.
Geometry and meshing
For the current study, NACA0012 airfoil is chosen as the validation platform. The coordinates of the profile are produced into GAMBIT®. The chord length of the airfoil is 1m. The center of gravity was chosen as 0.25c for calculation of lift, drag and moment coefficients. For steady state analysis, airfoil remains at rest at zero degree angle of attack. The computational model with mesh for analysis is shown in Figure 1 . When simulation for this analysis is converged, lift, drag and moment coefficients are calculated. From these coefficients, normal force coefficient is calculated and is compared with experimental data using following equation.
where C N and α represent normal force coefficient and angle of attack respectively. Lift and drag coefficient convergence histories for steady state analysis at zero degree angle of attack using inviscid model are done. Pressure contours for NACA 0012 airfoil at different amplitudes, frequencies and at zero angle of attack are plotted in the Figure 2 .
Results obtained for normal force coefficient are compared with experimental data in Figure 3 . 
Unsteady analysis
For unsteady analysis, sinusoidal pitching motion of airfoil is achieved by applying dynamic mesh technique. Schematic of airfoil pitching motion is shown in Figure 4 . A user define function is made in c language which is compiled in Fluent® that control the dynamic motion of airfoil. A domain in circular form is made around the airfoil as an interface. This interface oscillates along with airfoil with a suitable angular frequency. Motion of airfoil is along z-axis. The oscillating point of airfoil is 0.25c. The function made for oscillation is as follows
where α 0 =Initial angle of attack, α l =Amplitude of oscillation and ω=Angular frequency. 
Methodology
Procedure for calculating dynamic derivative is depicted in Figure 5 . Analysis parameters for unsteady analysis are also taken from AGARD 702 report and are given in the Table  1 . Figure 6 . Result of the current study is validated in the form of lift coefficient with experimental data which shown in Figure 7 .
In aerodynamics of flight vehicles, stability plays an important role. In order to approximate dynamic stability, damping derivative calculation is necessary. These derivatives have three types, pitch, yaw and roll. Here we have calculated the pitch damping derivatives of 2-D NACA0012 airfoil. Pitch Derivatives are calculated using the following relation.
Neglecting higher value of derivatives, Eq (3) will reduce to
Pitch derivatives for airfoil using different frequency and amplitude are calculated in the current study.In order to calculate pitch derivatives coefficients are related to oscillating parameters using time as variable. In order to determine pitch derivatives relation shown in figure 8 will helps us. The trend of the graph between the lift coefficient and the angle of attack is linear. There is shown a distinct hysteresis in the solution, as verified by the gap between the coefficient on the upstroke and down stroke of the oscillation.
This hysteresis helps us to find a dot or transient derivatives. Transient derivatives with respect to D x derivatives, transient derivatives represent the time lag in the development of the these coefficient resulting from a change in the flow as discussed by Etkin [17] . This idea helps us to compute the stability derivatives. To calculate stability derivatives from this solution, we compute linear least-squares fit of the output coefficient C L with respect to α. 
Flat plate geometry
Procedure for calculation of pitch derivative for NACA 0012 airfoil is also applied for flat plat e. Geometry for flat plate is shown in Figure 10 . Figure 11 . Pitch damping derivative profile.
Conclusion
The results obtained from the current simulation for NACA 0012 and for the Flat plate show good agreement with experimental data obtained from wind tunnel test and the data obtained from literature. The response of different parameters like angle of attack, angular frequency, amplitude of oscillation, time step, and turbulence model and gap variation between the flat plates was also studied. After analysis of computational data obtaining form the simulation of NACA 0012 airfoil, it was found that for the same value of angular frequencies and for increased value of oscillating amplitude the value of pitch damping derivative increases in other words we can say that dynamic stability decrease. For flat plate point of view different simulations were performed at fixed amplitude and at fixed angular frequency. From the result data it was found that by increasing the angle of attack to 6 degree pitch damping derivative increases and further increase in angle of attack its value decreases.
